In this paper, we concern about CO tolerance of Platinum (Pt)/Graphene Nanosheets (GNS) catalysts dependence of pH. The aim of this research is to investigate relationship between CO tolerance and Pt particle size base on pH dependence and also supporting material effect to CO-tolerance. The research method is modified Hummers and impregnation method to synthesize GNS and Pt/GNS catalysts, respectively. The results show that electrocatalytic measurements of Pt/GNS catalyst prepared at pH = 1 has the highest CO tolerance (69.4%) under 500 ppm CO level in the hydrogen oxidation reaction among pH = 6, 12.5 and Pt/CB commercial catalyst. It means pH dependence and GNS may be expected to enhance electrocatalytic activity (CO tolerance) of Pt. Furthermore, GNS is possible used as an anode catalyst of Polymer Electrolyte Fuel Cells (PEFCs).
INTROdUCTION
Recently, many researchers desire to increase the CO tolerance of electrode catalyst. It may be expected to improve the performance of hydrogen-proton exchange membrane fuel cells Hydrogen-Polymer Electrolyte Fuel Cells (H2-PEMFC). Pt nanoparticles are believed be able to improve the catalytic activity at the anode catalyst of H2-PEMFC system. 1 Hydrogen as a fuel for H2-PEMFC, it was produced by refor ming hydrocarbon. Unfortunately, CO exists on hydrogen.
In presence of CO, Pt surface may be blocked on it, causing Pt deactivated (CO poison). [2] [3] [4] [5] Many researchers have tried to improve CO tolerance. Ticianelli (2013) concluded that CO tolerance of Pt-Mo/C was higher than Pt/C. 6 The stability of anode may be improved by using Pt-MoO 2 -C. 7 Pt alloy catalysts also have been recognized in order to increase the catalytic activity of fuel cells. 8 The size of Pt particles may affect the catalyzing CO 9 and NO oxidation. 10 On the other hand, supporting materials are also a pivotal point to develop economically and durable fuel cells. There are many types of supporting materials which were reported to improve electrocatalytic activity as a supporting material for Pt and its alloy, such as Ti 0. 7 On the previous research, we found that GNS may role to control the Pt particle size 37 and proposed the formation process of Pt subnanocluster on GNS. 38 Interestingly, the GNS may affect the electronic structure of Pt. 39 Unfortunately, we have not clarified the CO tolerance of Pt/GNS. In this paper, we reported the GNS roles as a support material and also pH dependence for Pt particle size as an electrode catalyst on H 2 -PEMFC especially for CO tolerance. We expect that CO tolerance may be enhancing by using Pt/GNS catalyst and GNS may be expected to enhance electrocatalytic activity of Pt as a candidate for anode catalyst of H 2 -PEMFC.
MATERIALS ANd METHOdS
GNS were obtained via a solution-based route, involving the chemical oxidation of graphite to be hydrophilic graphite oxide. Graphite oxides were exfoliated to form individual graphene oxide sheets by ultra-sonication in water. 40 Then, it was reduced tobe graphene nanosheets. 41, 42 The 30 wt% Pt catalysts were deposited onto GNS using a platinum (Pt) precursor of [H 2 PtCl 6 .6H 2 O] (Alfa Aesar, A Johnson Matthey Company). Briefly, the ethanol solution of the precursor was mixed with the ethanol solution of GNS. Then, pH of the mixed solution was adjusted to be pH (1; 6 and 12.5), respectively by dropping 1 M NaOH aqueous. This solution was stirred for 3 hours. We used 3 h due to all of solution has been well mixed each other and pH value is constant. The end of 3 h, the product was collected by filtration and dried in air at 60 o C for 12 hours. Then, it was subjected to heat treatment in a hydrogen stream at 400 o C for 2 h in a furnace. 37, 38 GNS and the effect of pH for Pt/GNS catalysts were characterized by X-ray diffraction (XRD) (Philips X'pert Pro X-ray diffractometer with Cu-Kα radiation of 1.541 Å), Transmission electron microscope (TEM) (JEOL JEM-1400), and electrochemical measurement (PGSTAT PG12, AUTO LAB Potentiostat/Galvanostat), respectively.
RESULT ANd dISCUSSION

Characterization of GNS
Firstly, GNS was characterized by using XRD and TEM. XRD pattern of GNS formation may be seen in Figure 1 .
Fig. 1. XRd patterns of graphite, graphite oxide, and GNS
It clearly express that graphite was oxidized to form graphite oxide and finally, it was reduced by using hydrazine to generate GNS (Fig. 1) . The C (002) peak of GNS is very weak and broad, indicating graphene sheets are not stacking. It is totally different with the graphite peak, meaning graphene stacking has been reduced be GNS. In addition, oxidation of graphite was succeeding to produce graphite oxide, indicating the sharp peak was appear at 2θ = 11.8 o . Base on XRD data, we may conclude that GNS may be generated from graphite as well as a raw material.
In order to probe that GNS was formed, we also analyzed it by using TEM. TEM image of GNS is shown in Figure 2 .
Fig. 2. TEM image of GNS
GNS surface is very thin, flat and no coalesce. Its sheets are very clear. Therefore, we believe that GNS was formed.
CO Tolerance of Pt/GNS
The electro catalytic activity of Pt 30 wt%/ GNS at pH = 1, 6 and 12.5 and Pt 30 wt%/CB (Johnson Matthey commercial catalyst) are shown in Fig. 3 and 4 , respectively. Figure 3 shows the effect of pH on Pt/ GNS catalysts. The Pt/GNS (pH = 1) shows CO tolerance is highest among pH = 6 and 12.5. Interestingly, CO tolerance of Pt/GNS at pH = 1 is also higher than Pt/CB (commercial catalyst) (Fig. 4) . CO tolerance of Pt/GNS at pH = 1 is highest due to two effects, those are: enthalpy and entropy factors. 37, 38 Enthalpy factor occurs because GNS has π-conjugated system (Fig. 5) . It may cause interaction chemically between Pt and GNS via the π-d hybridization ( Figure 6 ) 39, 40 . Figure 6 describes that interaction between Pt-CO is weak for Pt/GNS, meaning interaction Pt/GNS is strong. Therefore, CO tolerance of Pt/GNS is higher than Pt/CB. That is possible CO may block strongly Pt for Pt/CB never less on Pt/GNS. The other factor is entropy. We believe that GNS has large surface area. It may be expected to generate high dispersion of Pt. That is why Pt subnano clusters are exist on GNS. Where, it never found on CB. [41] [42] [43] Fig. 7 illustrates it.
The large surface is required for high dispersion. In case of GNS, high dispersion of small particles Pt are possible dispersed on it. Thereby, Pt subnano clusters tends to strongly binding with GNS compare to CO due to the stability of Pt on GNS. That is because CO tolerance of Pt/GNS will improve. Therefore CO may reduce due to surface oxidation effect.
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CONCLUSION
Base on the all of data, we conclude that GNS may be expected as a good support material for Pt electrode catalyst on H2-PEMFC. CO tolerance of Pt 30 wt %/GNS catalyst at pH = 1 is higher than Pt 30 wt%/CB (commercial catalyst). That is supposed by two factors namely enthalpy and entropy factors. Pt/GNS catalyst is prospect be an anode catalyst in fuel cells.
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